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FIG. 6

START
FORM GROOVE IN PACKAGE SUBSTRATE S1100

MOUNT FIRST SEMICONDUCTOR CHIP ON 31200
PACKAGE SUBSTRATE
MOUNT SECOND SEMICONDUCTOR CHIP ON 31300
FIRST SEMICONDUCTOR CHIP
FORM CONDUCTIVE WIRE S1400

FORM MOLDING LAYER S1500
FORM EXTERNAL CONNECTION TERMINAL S1600

END
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1
SEMICONDUCTOR PACKAGE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 U.S.C. § 119 to
Korean Patent Application No. 10-2020-0086434, filed on
Jul. 13, 2020, 1n the Korean Intellectual Property Oflice, the
disclosure of which 1s incorporated by reference herein in 1ts
entirety.

BACKGROUND

The mventive concept relates to a semiconductor pack-
age, and more particularly to, a semiconductor package
including a plurality of semiconductor chips.

As the storage capacity of semiconductor packages
increases, a semiconductor package including a semicon-
ductor chip 1s desirable to be thin and lightweight. Research
1s being conducted to include semiconductor chips that have
various functions in a semiconductor package so that the
semiconductor chips operate 1n high speed.

Accordingly, a semiconductor package may include a
package substrate and a plurality of semiconductor chips
stacked on the package substrate. For example, the plurality
of semiconductor chips may be electrically connected to the
package substrate through wire bonding, thp chip bonding,
etc.

SUMMARY

The 1inventive concept provides a semiconductor package
ol a reduced size.

The iventive concept also provides a semiconductor
package with improved structural reliability.

According to an embodiment of the present mmventive
concept, a semiconductor package includes a package sub-
strate 1including an 1nsulating layer having an upper surface
and a lower surface opposite to the upper surface and
provided with a first region which 1s recessed to a first depth
from the upper surface toward the lower surface, a redistri-
bution wiring buried in the insulating layer, a chip connec-
tion pad on a bottom surface of the recessed first region and
connected to the redistribution wiring, and a wire connection
pad on the upper surface of the insulating layer and con-
nected to the redistribution wiring, a {first semiconductor
chip overlapping, 1n a top-down view of the semiconductor
package, the recessed first region of the msulating layer and
comprising a first chip pad connected to the chip connection
pad of the package substrate, and a second semiconductor
chip on the first semiconductor chip and connected to the
wire connection pad of the package substrate through a
conductive wire.

According to an embodiment of the present inventive
concept, a semiconductor package includes a package sub-
strate 1ncluding an insulating layer having an upper surface
and a lower surface opposite to the upper surface, and
provided with a first region which 1s recessed to a first depth
from the upper surface toward the lower surface, a redistri-
bution wiring buried in the msulating layer, a chip connec-
tion pad on a bottom surface of the recessed first region and
connected to the redistribution wiring, and a wire connection
pad on the upper surface of the mnsulating layer and con-
nected to the redistribution wiring, a {irst semiconductor
chip overlapping, 1n a top-down view of the semiconductor
package, the recessed first region of the msulating layer, the
first semiconductor chip including a first semiconductor
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2

substrate which has a lower surface and an upper surface
opposite to each other, the lower surface of the first semi-
conductor substrate being closer to the bottom surface of the
recessed first region of the package substrate than the upper
surface of the first semiconductor substrate, and a first chip
pad which 1s disposed on the lower surface of the first
semiconductor substrate and 1s connected to a first active
layer which corresponds to a portion of the first semicon-
ductor substrate, the portion of the first semiconductor
substrate being adjacent to the upper surface of the first
semiconductor substrate, a chip connection terminal 1n the
recessed first region of the insulating layer and interposed
between the chip connection pad of the package substrate
and the first chip pad of the first semiconductor chip, a first
adhesion layer on the package substrate and surrounding the
first semiconductor chip, a second semiconductor chip on
the first adhesion layer, the second semiconductor chip
including a second semiconductor substrate having a lower
surface and an upper surface opposite to each other, the
lower surface of the second semiconductor substrate being
closer to the upper surface of the first semiconductor sub-
strate than the upper surface of the second semiconductor
substrate, and a second chip pad disposed on the upper
surface of the second semiconductor substrate and con-
nected to a second active layer which corresponds a portion
of the second semiconductor substrate, the portion of the
second semiconductor substrate being adjacent to the upper
surface of the second semiconductor substrate, a conductive
wire connecting the wire connection pad of the package
substrate to the second chip pad of the second semiconduc-
tor chip, and a first molding layer on the package substrate
and surrounding the first adhesion layer and the second
semiconductor chip.

According to an embodiment of the present mmventive
concept, a semiconductor package includes a package sub-
strate including an nsulating layer having an upper surface
and a lower surface opposite to the upper surface and
provided with a first region which is recessed to a first depth
from the upper surface toward the lower surface, a redistri-
bution wiring buried 1n the msulating layer, a chip connec-
tion pad on a bottom surface of the recessed first region and
connected to the redistribution wiring, and a wire connection
pad on the upper surface and connected to the redistribution
wiring, a first semiconductor chip overlapping, in a top-
down view of the semiconductor package, the recessed first
region of the insulating layer, the first semiconductor chip
being provided with a first active layer 1n a lower portion of
the first semiconductor chip, and flip-chip bonded to the chip
connection pad of the package substrate, a first adhesion
layer on the package substrate and surrounding the first
semiconductor chip, a second semiconductor chip on the
first adhesion layer, the second semiconductor chip being
provided with a second active layer in an upper portion of
the second semiconductor chip, and wire-bonded to the wire
connection pad of the package substrate, a third semicon-
ductor chip on the second semiconductor chip, the third
semiconductor chip being provided with a third active layer
in an upper portion of the third semiconductor chip, and
wire-bonded to the wire connection pad of the package
substrate, and a first molding layer on the package substrate,
and surrounding the first adhesion layer, the second semi-
conductor chip, and the third semiconductor chip.

A semiconductor package according to the inventive
concept may 1nclude a package substrate having a recessed
region and a semiconductor chip positioned in the recessed
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region. Accordingly, the height of the semiconductor pack-
age may be reduced so that the semiconductor package may
be thinner.

Further, according to the inventive concept, the height of
the semiconductor chip formed 1n the vertical direction from
one surtace of the package substrate may be reduced by the
depth of the recessed region of the package substrate.
Accordingly, adhesion performance between the semicon-
ductor chip and an adhesion layer surrounding the semicon-
ductor chip may be improved, and structural reliability of the

semiconductor package including the semiconductor chip
and the adhesion layer may be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the inventive concept will be more
clearly understood from the following detailed description

taken in conjunction with the accompanying drawings in
which:

FIG. 1 1s a cross-sectional view of a semiconductor
package according to an embodiment of the mventive con-
cept;

FIG. 2 1s a cross-sectional view ol a semiconductor
package according to an embodiment of the inventive con-
cept;

FIG. 3 1s a cross-sectional view of a semiconductor
package according to an embodiment of the mventive con-
cept;

FIG. 4 1s a cross-sectional view of a semiconductor
package according to an embodiment of the mventive con-
cept;

FIG. 5 1s a cross-sectional view of a semiconductor
package according to an embodiment of the mventive con-
cept;

FIG. 6 1s a flowchart showing a method of manufacturing
a semiconductor package according to an embodiment of the
inventive concept; and

FIGS. 7 to 13 are diagrams showing operations of a
method of manufacturing a semiconductor package accord-
ing to an embodiment of the mventive concept.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(L]

Hereinafter, embodiments of the inventive concept will be
described 1n detail with reference to the accompanying
drawings.

FIG. 1 1s a cross-sectional view of a semiconductor
package 10 according to an embodiment of the mventive
concept.

The semiconductor package 10 according to the embodi-
ment of the inventive concept may include a package
substrate 100, a first semiconductor chip 200, a second
semiconductor chip 300, a first adhesion layer 430, and a
second adhesion layer 450, a chip connection terminal 520,
a {irst conductive wire wl, a molding layer 620, an external
connection terminal 690, and the like.

The semiconductor package 10 of the inventive concept
may include a plurality of semiconductor chips 200 and 300
and may be a system in package (SIP) operating as one
system 1n which the plurality of semiconductor chips 200
and 300 of different types are electrically connected to each
other.

The package substrate 100 may be a substrate for mount-
ing the first semiconductor chip 200 and the second semi-
conductor chip 300. In an embodiment, the package sub-
strate 100 may be a printed circuit board (PCB). However,
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the package substrate 100 1s not limited to the above and
may be a substrate including a redistribution layer, which
including a redistribution wiring, sliced from a wafer.

-

T'he package substrate 100 may have a first surface 100q
and a second surface 1005 facing the first surface 100a. For
example, the first surface 100a of the package substrate 100
may be an upper surface of the package substrate 100, and
the second surface 1006 may be a lower surface of the
package substrate 100. In an embodiment, a surface of the

package substrate 100 on which the external connection
terminal 690 1s formed 1s described as the lower surface of
the package substrate 100, and the opposite side on which
the molding layer 620 1s formed 1s described as the upper
surface of the package substrate 100.

In an embodiment, the package substrate 100 may include
a recessed region H1 which 1s adjacent to the first surface
100a. The recessed region H1 may correspond to a portion
of the package substrate 100 which 1s recessed to a first
depth from the first surface 100a toward the second surface
10056. The package substrate 100 may include the recessed
region H1 of a concave shape (e.g., a groove or a trench) in
the upper portion of the package substrate 100. The recessed
region H1 of the package substrate 100 may provide a space
in which the first semiconductor chip 200 1s disposed.

In an embodiment, the package substrate 100 may include
a redistribution pattern 110 (i.e., a redistribution wiring), an
insulating layer 120, a chip connection pad 130, a wire
connection pad 140, an external connection pad 150, and the
like. The various pads of a device or a package substrate
described herein may be conductive terminals connected to
internal wiring of the device or the package substrate, and
may transmit signals and/or supply voltages between an
internal wiring and/or internal circuit of the device and an
external source. For example, chip pads of a semiconductor
chip may electrically connect to and transmit supply volt-
ages and/or signals between an integrated circuit of the
semiconductor chip and a device to which the semiconduc-
tor chip 1s connected, or pads of a package substrate may
clectrically connect to and transmit supply voltages and/or
signals between internal wirings of the package substrate
and a device to which the package substrate 1s connected.
The various pads may be provided on or near an external
surface of the device and may generally have a planar
surface area (often larger than a corresponding surface area
of the internal wiring to which they are connected) to
promote connection to a further terminal, such as a bump or
solder ball, and/or an external wiring.

The insulating layer 120 of the package substrate 100 may
be a layer which may include or may be formed of an
insulating material forming the exterior of the package
substrate 100. The insulating layer 120 may surround the
redistribution pattern 110. In an embodiment, the redistri-
bution pattern 110 may be buried 1n the msulating layer 120.
In an embodiment, the insulating layer 120 may include an
upper surface which corresponds to the first surtace 100a of
the package substrate 100, and a lower surface which
corresponds to the second surface 1006 of the package
substrate 100. The msulating layer 120 may be provided
with the recessed region H1 at the top of the insulating layer
120, and the chip connection pad 130 of the package
substrate 100 may be on a bottom surface of the recessed
region H1. In an embodiment, the recessed region of the
insulating layer 120 may correspond to a region of the
insulating layer 120 which is recessed to a first depth from
the upper surface of the insulating layer 120 toward the
lower surface of the mnsulating layer 120.
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In an embodiment, the first depth of the recessed region
H1 of the insulating layer 120 (1.e., the depth of the recessed
region H1 of the insulating layer 120 in the Z direction) may
have a value from about 1 micrometer to about 20 microm-
cters. Terms such as “about™ or “approximately” may reflect
amounts, sizes, orientations, or layouts that vary only 1n a
small relative manner, and/or 1n a way that does not signifi-
cantly alter the operation, functionality, or structure of
certain elements. For example, a range from “about 0.1 to
about 1” may encompass a range such as a 0%-5% deviation
around 0.1 and a 0% to 5% deviation around 1, especially 1f
such deviation maintains the same eflect as the listed range.

For example, when the depth of the recessed region H1 of
the insulating layer 120 1s less than 1 micrometer, the
recessed region H1 may hardly reduce the size of the
semiconductor package 10 (1.e., the thickness of the semi-
conductor package 10). When the depth of the recessed
region H1 of the insulating layer 120 1s greater than 20
micrometers, the recessed region H1 may reduce the struc-
tural reliability of the package substrate 100.

In an embodiment, a side surface of the recessed region
H1 of the mnsulating layer 120 may surround at least a part
of a second adhesion layer 450 that will be described later.

In an embodiment, the msulating layer 120 may include
oxide or mitride. For example, the msulating layer 120 may
include silicon oxide or silicon nitride.

However, the msulating layer 120 1s not limited to the
above, and may include or may be formed of a photo
imagable dielectric (PID) insulating material capable of a
photolithography process. For example, the insulating layer
120 may include or may be formed of at least one of
photosensitive polyimide (PSPI) and polybenzobisoxazole
(PBO).

The redistribution pattern 110 of the package substrate
100 may be a conductive pattern 1n the msulating layer 120
and electrically connected to the chip connection pad 130,
the wire connection pad 140, and the external connection
pad 150.

In an embodiment, the redistribution pattern 110 may
include a redistribution line pattern 113 extending in the
horizontal direction within the nsulating layer 120, a first
redistribution via pattern 115a extending in the vertical
direction within the msulating layer 120 and connecting the
redistribution line pattern 113 to the chip connection pad
130, a second redistribution via pattern 1156 extending 1n
the vertical direction within the isulating layer 120 and
connecting the redistribution line pattern 113 to the wire
connection pad 140, and a third redistribution via pattern
115¢ extending 1n the vertical direction within the insulating
layer 120 and connecting the redistribution line pattern 113
to the external connection pad 1350.

In an embodiment, the redistribution pattern 110 may be
a metal such as copper (Cu), aluminum (Al), tungsten (W),
titanium (11), tantalum (Ta), ndium (In), molybdenum
(Mo), manganese (Mn), cobalt (Co), tin (Sn), nickel (IN1),
magnesium (Mg), rhenium (Re), beryllium (Be), gallium
(Ga), ruthemmum (Ru), etc., or an alloy thereof, but 1s not
limited to these.

In an embodiment, the redistribution pattern 110 may
turther include a seed layer (not shown) interposed between
the redistribution line pattern 113 and the insulating layer
120, and interposed between the isulating layer 120 and
cach of the first to third redistribution via patterns 115a,
11556, and 115c.

In an embodiment, the seed layer may be formed through
a physical vapor deposition process, and the redistribution
line pattern 113 and the first to third redistribution via
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patterns 115a, 1155, and 115¢ may be formed through a
plating process using the seed layer.

In an embodiment, the seed layer may include or may be
formed of copper (Cu), titanium (T11), titanium tungsten
(T1W), titanium mtride (TiN), tantalum (Ta), tantalum
nitride (TalN), chromium (Cr), aluminum (Al), or a combi-
nation thereof. For example, the seed layer may be a double
layer of Cu/T1 1 which a copper layer 1s stacked on a
titanium layer or a double layer of Cu/T1W 1n which a copper
layer 1s stacked on an alloy layer of titanium and tungsten.

For example, when copper (Cu) 1s used as the material of
the redistribution line pattern 113 and the first to third
redistribution via patterns 115q, 1155, 115¢, at least a part of
the seed layer may serve as a diffusion barrier layer.

The chip connection pad 130 of the package substrate 100
may be a pad which 1s disposed 1n the recessed region H1 of
the package substrate 100 and electrically connects the first
semiconductor chip 200 to the redistribution pattern 110. In
an embodiment, the chip connection pad 130 may be on the
bottom surface of the recessed region HI.

In an embodiment, the chip connection pad 130 may be
clectrically connected to the redistribution line pattern 113
through the first redistribution via pattern 115a. The upper
surface of the chip connection pad 130 1s not covered by the
insulating layer 120 and may contact the chip connection
terminal 520. It will be understood that when an element 1s
referred to as being “connected” or “coupled” to or “on”
another element, 1t can be directly connected or coupled to
or on the other element or intervening elements may be
present. In contrast, when an element 1s referred to as being
“directly connected” or “directly coupled” to another ele-
ment, or as “contacting” or “in contact with” another ele-
ment, there are no intervening elements present at the point
ol contact.

A level of the upper surface of the chip connection pad
130 may be defined as a height at which the upper surface
of the chip connection pad 130 i1s formed in the vertical
direction (1.e., the Z direction) from the second surface 1005
of the package substrate 100. In an embodiment, the level of
the upper surface of the chip connection pad 130 may be
lower than the level of the upper surface of the wire
connection pad 140.

The wire connection pad 140 of the package substrate 100
may be a pad which 1s disposed on the first surface 100a of
the package substrate 100 and electrically connects the
second semiconductor chip 300 to the redistribution pattern
110.

In an embodiment, the wire connection pad 140 may be
clectrically connected to the redistribution line pattern 113
through the second redistribution via pattern 1156. The
upper surtace of the wire connection pad 140 1s not covered
by the msulating layer 120 and may contact the first con-
ductive wire wl.

The wire connection pad 140 may be outside the recessed
region H1 of the package substrate 100. Accordingly, the
wire connection pad 140 may be outside the chip connection
pad 130. The level of the upper surtace of the wire connec-
tion pad 140 may be higher than the level of the upper
surface of the chip connection pad 130.

The external connection pad 150 of the package substrate
100 may be a pad which 1s disposed on the second surface
1005 of the package substrate 100 and electrically connects
the redistribution pattern 110 to an external device.

In an embodiment, the external connection pad 150 may
be electrically connected to the redistribution line pattern
113 through the third redistribution via pattern 115¢. The
lower surface of the external connection pad 150 1s not
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covered by the insulating layer 120 and may contact the
external connection terminal 160.

The first semiconductor chip 200 may be a semiconductor
chip on the recessed region H1 of the package substrate 100
and connected to the package substrate 100 through flip-chip
bonding. The first semiconductor chip 200 may have an
upper surface 200a and a lower surface 200b. The first
semiconductor chip 200 may be provided with an active
layer having a plurality of transistors which 1s adjacent to the
lower surface 2006, and chip pads on the lower surface
2006. The chip pads may be electrically connected to the
transistors formed in the active layer of the first semicon-
ductor chip 200. In the flip-chip bonding, the lower surface
2005 of the first semiconductor chip 200 may be attached to
the package substrate 100 using the chip pads. For example,
the chip pads on the lower surface 2005 of the first semi-
conductor chip 200 may be connected in the flip-chip
bonding to the chip connection pad 130 which 1s disposed on
the bottom surface of the recess region HI.

In an embodiment, the lower surface 20056 of the first
semiconductor chip 200 may be at a higher level than the
first surface 100a of the package substrate 100. The lower
surface 2005 of the first semiconductor chip 200 may be
spaced apart from the first surface 100a of the package
substrate 100 in the vertical direction.

However, the lower surface 2005 of the first semiconduc-
tor chip 200 1s not limited to the above, and may be at a
lower level than the first surface 100a of the package
substrate 100. At least a part of the first semiconductor chip
200 may be accommodated 1n the recessed region H1 of the
package substrate 100.

In an embodiment, the first semiconductor chip 200 may
include a logic semiconductor chip. The logic semiconduc-
tor chip may include, for example, a logic semiconductor
chip such as a central processor unit (CPU), a microproces-
sor umt (MPU), a graphic processor unmit (GPU), or an
application processor (AP).

The first semiconductor chip 200 may include a memory
semiconductor chip. The memory semiconductor chip may
include, for example, a volatile memory semiconductor chip
such as dynamic random access memory (DRAM) or static
random access memory (SRAM), and may include a non-
volatile memory semiconductor chip such as a phase-change
random access memory (PRAM), magneto-resistive Ran-
dom access memory), ferroelectric random access memory
(FeRAM), or resistive random access memory (RRAM).

In an embodiment, the first semiconductor chip 200 may
include a first semiconductor substrate 210, a first chip pad
220, and a first passivation layer 230. The first semiconduc-
tor substrate 210 may have a first active layer AL_1 which
1s adjacent to the lower surface 2005 of the first semicon-
ductor chip 200. The first active layer AL_1 of the first
semiconductor chip 200 may face the package substrate 100.
In an embodiment, the first active layer AL_1 may include
various types of a plurality of individual devices. For
example, the plurality of individual devices may include
various microelectronic devices, for example, a complemen-
tary metal-oxide semiconductor (CMOS) transistor, a metal-
oxide-semiconductor filed effect transistor (MOSFET), and
a system large scale integration (LLSI), an image sensor such
as a CMOS 1maging sensor (CIS), a micro-electro-mechani-
cal system (MEMS), an active device, a passive device, etc.

In an embodiment, the material of the first semiconductor
substrate 210 may include silicon (S1). The first semicon-
ductor substrate 210 may include or may be formed of a
semiconductor element such as germanium (Ge, germa-
nium), or a compound such as silicon carbide (S1C), gallium
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arsenide (GaAs), indium arsenide (InAs), and indium phos-
phide (InP). However, the matenal of the first semiconductor
substrate 210 1s not limited to the above.

In an embodiment, the first chip pad 220 may be a pad
which 1s disposed on the first semiconductor substrate 210
and 1s electrically connected to the plurality of individual
devices formed 1n the first active layer AL_1.

In an embodiment, the material of the first chip pad 220
may include or may be formed of metal such as nickel (Ni),
copper (Cu), gold (Au), silver (Ag), aluminum (Al), tung-
sten (W), titantum (11), Tantalum (Ta), indium (In), molyb-
denum (Mo), manganese (Mn), cobalt (Co), tin (Sn), mag-
nesium (Mg), rhenium (Re), beryllium (Be), gallium (Ga),
Ruthenium (Ru), or the like, or an alloy thereof. However,
the material of the first chip pad 220 i1s not limited to the
above.

In an embodiment, the first passivation layer 230 may be
on the first semiconductor substrate 210 and may surround
a side surface of the first chip pad 220. The first passivation
layer 230 may expose one surface of the first chip pad 220.
In an embodiment, the first passivation layer 230 may
include or may be formed of an 1nsulating material such as
an insulating polymer.

In an embodiment, the first active layer AL_1 of the first
semiconductor chip 200 may face the package substrate 100,
and the first semiconductor chip 200 may be connected to
the package substrate 100 through flip-chip bonding.

In an embodiment, the chip connection terminal 520 may
be 1nterposed between the first chip pad 220 of the first
semiconductor chip 200 and the chip connection pad 130 of
the package substrate 100. The chip connection terminal 520
may electrically connect the first chip pad 220 and the chip
connection pad 130. For example, the chip connection
terminal 520 may be a metal material including at least one
of silver (Ag), copper (Cu), and aluminum (Al). In an
embodiment, the chip connection terminal 320 may be
formed of a ball shape.

In an embodiment, the first semiconductor chip 200 may
be connected to the chip connection pad 130 on the bottom
surface of the recessed region H1 of the package substrate
100, and thus the level of the upper surface 200a of the first
semiconductor chip 200 may be lowered. The recessed
region H1 of the package substrate 100 may reduce the
height of the upper surface 200a of the first semiconductor
chip 200 forming in the vertical direction (1.e., 1n the Z
direction) from the second surface 1005 of the package
substrate 100.

The first adhesion layer 430 may be a layer surrounding
the first semiconductor chip 200 on the package substrate
100. For example, the first adhesion layer 430 may surround
side and upper surfaces of the first semiconductor chip 200
on the package substrate 100.

In an embodiment, the first adhesion layer 430 may serve
to attach the second semiconductor chip 300 on the first
semiconductor chip 200. The first adhesion layer 430 may be
a film having selt-adhesive properties. For example, the first
adhesion layer 430 may be a double-sided adhesion film.

In an embodiment, the first adhesion layer 430 may be a
tape-type material layer, a liquid-coated curing material
layer, or a combination thereof. The first adhesion layer 430
may include or may be formed of a thermal setting structure,
thermal plastic, a UV (ultraviolet) cure maternal, or a com-
bination thereof. The first adhesion layer 430 may be
referred to as a die attach film (DAF) or a non-conductive
film (NCF).

In an embodiment, the thickness of the first adhesion layer
430 may be greater than the thickness of the first semicon-
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ductor chip 200. A level of the upper surface of the first
adhesion layer 430 may be higher than a level of the upper
surface 200a of the first semiconductor chip 200.

In an embodiment, the thickness of the first adhesion layer
430 may have a value from about 90 micrometers to about
135 micrometers. For example, the thickness of the first
adhesion layer 430 may be 110 micrometers.

For example, when the thickness of the first adhesion
layer 430 1s less than 90 micrometers, adhesion between the
first adhesion layer 430 and the first semiconductor chip 200
may deteriorate. When the thickness of the first adhesion
layer 430 1s greater than 135 micrometers, the size (e.g., the
thickness) of the semiconductor package 10 including the
first semiconductor chip 200 and the second semiconductor
chip 300 may increase.

In an embodiment, the first adhesion layer 430 may be
pressed onto the package substrate 100 while attached to the
lower surface 30056 of the second semiconductor chip 300.
The first adhesion layer 430 may include a material having
fluidity such that the first adhesion layer 430 may surround
the side and upper surfaces of the first semiconductor chip
200 while pressed onto the package substrate 100.

A side surface of the first adhesion layer 430 and a side
surface of the second semiconductor chip 300 may be
coplanar with each other. The side surface of the first
adhesion layer 430 may be aligned with (1.e., may be
coplanar to) the side surface of the second semiconductor
chip 300.

In an embodiment, the first adhesion layer 430 and the
second semiconductor chip 300 may be manufactured at a
waler level. After the first adhesion layer 430 1s applied on
the waler on which the plurality of second semiconductor
chips 300 are formed, the waler may be individualized, and
thus the side surface of the first adhesion layer 430 and the
side surface of the second semiconductor chip 300 may be
coplanar with each other.

When a semiconductor package according to the com-
parative example includes a general PCB having no recessed
region, the height of the semiconductor chip mounted on the
package substrate formed 1n the vertical direction from one
surface of the package substrate may be greater than the
height of the first semiconductor chip 200 of the semicon-
ductor package 10 according to the inventive concept form-
ing 1n the vertical direction from one surface of the package
substrate 100.

In the case of the semiconductor package according to the
comparative example, adhesion between the semiconductor
chip and the adhesion layer surrounding the side and upper
surfaces of the semiconductor chip may be weakened due to
a relatively large height of the semiconductor chip in the
vertical direction. For example, separation of the semicon-
ductor chip from the adhesion layer may occur.

In the case of the semiconductor package 10 according to
an embodiment of the inventive concept, the length (1.e., the
height) of the first semiconductor chip 200 formed in the
vertical direction from the second surface 1006 of the
package substrate 100 may be reduced by the depth of the
recessed region H1 of the package substrate 100, and thus
the adhesion between the first semiconductor chip 200 and
the first adhesion layer 430 may be improved. For example,
separation of the first semiconductor chip 200 from the first
adhesion layer 430 may be prevented.

The second semiconductor chip 300 may be a semicon-
ductor chip attached to one surface of the first adhesion layer
430 and on the first semiconductor chip 200. The second
semiconductor chip 300 may have an upper surface 300q
and a lower surface 3005.
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The second semiconductor chip 300 may include a second
semiconductor substrate 310, a second chip pad 320, and a
second passivation layer 330. Hereinafter, redundant
descriptions between the first semiconductor chip 200 and
the second semiconductor chip 300 will be omitted, and
differences therebetween will be mainly described.

In an embodiment, a cross-sectional area of the second
semiconductor chip 300 in the horizontal direction (1.e., a
cross-sectional area on the X-Y plane) may be larger than a
cross-sectional area of the first semiconductor chip 200 1n
the horizontal direction. The cross-sectional area of the
second semiconductor chip 300 1n the horizontal direction
may be substantially the same as a cross-sectional area of the
first adhesion layer 430 in the horizontal direction. Terms
such as “same,” “equal,” “planar,” or “coplanar,” as used
herein when referring to orientation, layout, location,
shapes, sizes, amounts, or other measures do not necessarily
mean an exactly identical omnentation, layout, location,
shape, size, amount, or other measure, but are itended to
encompass nearly identical onentation, layout, location,
shapes, sizes, amounts, or other measures within acceptable
variations that may occur, for example, due to manufactur-
ing processes. The term “substantially” may be used herein
to emphasize this meaning, unless the context or other
statements indicate otherwise. For example, items described
as “substantially the same,” “substantially equal,” or “sub-
stantially planar,” may be exactly the same, equal, or planar,
or may be the same, equal, or planar within acceptable
variations that may occur, for example, due to manufactur-
Ing Processes.

In an embodiment, the side surface of the second semi-
conductor chip 300 and the side surface of the first adhesion
layer 430 may be coplanar with each other. The side surface
of the second semiconductor chip 300 may be aligned with
(1.e., may be coplanar to) the side surface of the first
adhesion layer 430.

In an embodiment, the first semiconductor chip 200 and
the second semiconductor chip 300 may be heterogeneous
semiconductor chips. For example, the semiconductor pack-
age 10 may be a SIP 1n which different types of semicon-
ductor chips are electrically connected to each other to
operate as a single system.

For example, when the first semiconductor chup 200 1s a
memory semiconductor chip, the second semiconductor chip
300 may be a logic semiconductor chip. When the first
semiconductor chip 200 1s a logic semiconductor chip, the
second semiconductor chip 300 may be a memory semicon-
ductor chip.

In an embodiment, the second semiconductor substrate
310 may include a second active layer AL_2 which 1is
adjacent to the upper surface 300a of the second semicon-
ductor chip 300. The second active layer AL._2 of the second
semiconductor chip 300 may face the upper surface of the
semiconductor package 10. For example, a direction 1in
which the second active layer AL_2 of the second semicon-
ductor chip 300 faces may be opposite to a direction 1n
which the first active layer AL_1 of the first semiconductor
chip 200 faces.

In an embodiment, the second chip pad 320 may be a pad
which 1s disposed on the second semiconductor substrate
310 and 1s electrically connected to a plurality of individual
devices formed 1n the second active layer AL_2.

In an embodiment, the second passivation layer 330 may
be on the second semiconductor substrate 310 and may
surround a side surface of the second chip pad 320. The
second passivation layer 330 may expose one surface of the
second chip pad 320.
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In an embodiment, the second active layer AL_2 of the
second semiconductor chip 300 may face the upper surface
of the semiconductor package 10, and the second semicon-
ductor chip 300 may be connected to the package substrate
100 through wire bonding.

A first conductive wire wl may be a wire of a conductive
material connecting the second chip pad 320 of the second
semiconductor chip 300 to the wire connection pad 140 of
the package substrate 100.

In an embodiment, the first conductive wire wl may
include at least one material among gold (Au), silver (Ag),
platinum (Pt), aluminum (Al), copper (Cu), palladium (Pd),
nickel (N1), cobalt (Co), chromium (Cr) and titanium ('I1).

The second adhesion layer 450 may be a layer in the
recessed region H1 of the package substrate 100 and fixing
the first semiconductor chip 200 1n the recessed region HI.
The second adhesion layer 450 may be a film having
self-adhesive properties. For example, the second adhesion
layer 450 may be a double-sided adhesive film.

In an embodiment, the thickness of the second adhesion
layer 450 may be greater than the depth of the recessed
region H1 of the package substrate 100. For example, a part
of the second adhesion layer 450 may protrude upward from
the first surface 100a of the package substrate 100. The
thickness of the second adhesion layer 450 may be smaller
than the thickness of the first adhesion layer 430.

In an embodiment, the cross-sectional area of the second
adhesion layer 450 1n the horizontal direction may be
smaller than the cross-sectional area of the recessed region
H1 of the package substrate 100 in the horizontal direction.
However, the cross-sectional area of the second adhesion
layer 450 1n the horizontal direction 1s not limited thereto,
and may be substantially the same as the cross-sectional area
of the recessed region H1 of the package substrate 100 1n the
horizontal direction.

In an embodiment, the second adhesion layer 450 may be
pressed onto the package substrate 100 while attached to the
lower surface 2006 of the first semiconductor chip 200.
When the second adhesion layer 450 1s attached to the lower
surface 20056 of the first semiconductor chip 200, the chip
connection terminal 520 may contact the first chip pad 220,
and the second adhesion layer 450 may surround the chip
connection terminal 520. During a time when the second
adhesion layer 450 1s being pressed onto the package
substrate 100, the chip connection terminal 520 may connect
the first chip pad 220 and the chip connection pad 130.

The side surface of the second adhesion layer 450 and the
side surface of the first semiconductor chip 200 may be
coplanar with each other. The side surface of the second
adhesion layer 450 may be aligned with (1.e., may be
coplanar to) the side surface of the first semiconductor chip
200.

In an embodiment, the second adhesion layer 450 and the
first semiconductor chip 200 may be manufactured at a
waler level. After the second adhesion layer 450 1s applied
on the water on which the plurality of first semiconductor
chips 200 are formed, the waler may be individualized, and
thus the side surface of the second adhesion layer 450 and
the side surface of the first semiconductor chip 200 may be
coplanar with each other.

In an embodiment, a part of the second adhesion layer 450
may be surrounded by the insulating layer 120 of the
package substrate 100, and the other part of the second
adhesion layer 450 may be surrounded by the first adhesion
layer 430. For example, a lower portion of the side surface
of the second adhesion layer 450 may be surrounded by the
insulating layer 120 of the package substrate 100, and an
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upper portion of the side surface of the second adhesion
layer 450 may be surrounded by the second adhesion layer

430.

The molding layer 620 may be on the package substrate
100 and may surround the first adhesion layer 430, the
second semiconductor chip 300, and the first conductive
wire wl. The molding layer 620 may be a material including
at least one of an 1insulating polymer and an epoxy resin. For
example, the molding layer 620 may include an epoxy
molding compound (EMC).

The external connection terminal 690 may be a terminal
connected to the external connection pad 150 of the package
substrate 100 and connecting the package substrate 100 to an
external device. The external connection terminal 690 may
be metal including at least one of silver (Ag), copper (Cu),
and aluminum (Al).

The semiconductor package 10 according to an embodi-
ment ol the inventive concept may include the package
substrate 100 including the recessed region H1 1in the
concave shape 1n the part adjacent to the first surface 100q
and the first semiconductor chip 200 disposed in the
recessed region H1 and connected to the package substrate
100. The recessed region H1 may reduce the thickness of the
semiconductor package 10 and secure suflicient adhesion
between the first semiconductor chip 200 and the package
substrate 100.

The length (1.e., height) of the first semiconductor chip
200 of the semiconductor package 10 according to an
embodiment of the inventive concept formed in the vertical
direction from the second surface 1006 of the package
substrate 100 may be reduced by the depth of the recessed
region H1 of the package substrate 100, and thus the
adhesion between the first semiconductor chip 200 and the
first adhesion layer 430 may be sutlicient to secure structural
reliability of the semiconductor package 10. For example,
adhesion may be improved on the part where the side surface
of the first semiconductor chip 200 and the first adhesion
layer 430 contact each other, and separation of the semi-
conductor chip 200 from the first adhesion layer 430 may be
prevented.

FIG. 2 1s a cross-sectional view of a semiconductor
package 20 according to an embodiment of the inventive
concept. Hereinafter, redundant descriptions of the semicon-
ductor package 10 of FIG. 1 will be omitted, and diflerences
therebetween will be mainly described.

The semiconductor package 20 according to an embodi-
ment ol the inventive concept may include the package
substrate 100, the first semiconductor chip 200, the second
semiconductor chip 300, the first adhesion layer 430, the
chip connection terminal 520, the first conductive wire wl,
the first molding layer 620, a second molding layer 650, the
external connection terminal 690, and the like.

The semiconductor package 20 of FIG. 2 does not include
the second adhesion layer 450 described with reference to
FIG. 1, but may mstead include the second molding layer
650.

The second molding layer 650 may be a layer which fills
the recessed region H1 of the package substrate 100 and
fixes the first semiconductor chip 200 to the package sub-
strate 100.

In an embodiment, the second molding layer 650 may
surround the chip connection terminal 520 1n the recessed
region H1 of the package substrate 100. A part of the second
molding layer 650 may contact the first surface 100a of the
package substrate 100 in the periphery of the recessed region
H1 of the package substrate 100. A part of the second
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molding layer 650 may surround a part of the side surface of
the first semiconductor chip 200.

In an embodiment, the second molding layer 650 may
have a tapered shape 1n which the cross-sectional area 1n the
horizontal direction increases as the second molding layer
650 1s closer to the first surface 100a of the package
substrate 100 in the vertical direction.

In an embodiment, after the first semiconductor chip 200
1s disposed on the recessed region H1 of the package
substrate 100, the second molding layer 650 may {ill a space
between the first semiconductor chip 200 and the package
substrate 100.

For example, after the first semiconductor chip 200 and
the package substrate 100 are connected with each other by
the chip connection terminal 520, the second molding layer
650 may be injected into the recessed region H1 of the
package substrate 100. The second molding layer 650 may
be injected nto the space between the package substrate 100
and the first semiconductor chip 200.

In an embodiment, while the second molding layer 650 1s
injected into the recessed region H1, the second molding
layer 650 may surround the chip connection terminal 520.
When the second molding layer 650 1s continuously injected
into the recessed region H1, the second molding layer 650
may be positioned beyond the space of the recessed region
H1, and may surround a part of the side the first semicon-
ductor chip 200.

In an embodiment, the second molding layer 650 may be
a material including at least one of an insulating polymer and
an epoxy resin. For example, the second molding layer 650
may include an epoxy molding compound (EMC). Further,
the material of the second molding layer 650 may include
substantially the same material as the first molding layer
620.

In an embodiment, a boundary surface between the sec-
ond molding layer 650 and the first adhesion layer 430 may
be inclined. For example, the boundary surface between the
second molding layer 650 and the first adhesion layer 430
may be inclined downward farther away from the recessed
region H1 of the package substrate 100 in the horizontal
direction.

In an embodiment, a lower portion of the side surface of
the first semiconductor chip 200 may be surrounded by the
second molding layer 650, and an upper portion of the side
surface of the first semiconductor chip 200 may be sur-
rounded by the first adhesion layer 430

FIG. 3 1s a cross-sectional view of a semiconductor
package 30 according to an embodiment of the mventive
concept.

Hereinafter, redundant descriptions of the semiconductor
package 10 of FIG. 1 will be omitted, and differences
therebetween will be mainly described.

The semiconductor package 30 according to an embodi-
ment of the mventive concept may include the package
substrate 100, the first semiconductor chip 200, the second
semiconductor chip 300, a third semiconductor chip 700, the
first adhesion layer 430, a second adhesion layer 450, a third
adhesion layer 470, the chip connection terminal 520, the
first conductive wire w1, a second conductive wire w2, the
molding layer 620, the external connection terminal 690,
and the like.

In an embodiment, the third semiconductor chip 700 may
be a semiconductor chip mounted on the second semicon-
ductor chip 300. The third semiconductor chip 700 may have
an upper surface 700a and a lower surtace 70056. The third
semiconductor chip 700 may be a memory semiconductor
chip or a logic semiconductor chip.
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In an embodiment, the third semiconductor chip 700 may
be mounted on the second semiconductor chip 300 such that
the side surface of the second semiconductor chip 300 and
the side surface of the third semiconductor chip 700 are not
coplanar with each other. Accordingly, the second chip pad
320 of the second semiconductor chip 300 may be exposed
without being covered by the third semiconductor chip 700.

In an embodiment, the third semiconductor chip 700 may
include a third semiconductor substrate 710, a third chip pad
720, and a third passivation layer 730. The third semicon-
ductor substrate 710 may include a third active layer AL _3
which 1s adjacent to the upper surface 700a of the third
semiconductor chip 700.

In an embodiment, the third active layer AL_3 of the third
semiconductor chip 700 may face the upper surface of the
semiconductor package 30. For example, a direction 1n
which the third active layer AL_3 of the third semiconductor
chup 700 faces may be opposite to a direction in which the
first active layer AL_1 of the first semiconductor chip 200
faces. The direction 1n which the third active layer AL_3 of
the third semiconductor Chlp 700 faces may be substantially
the same as a direction 1 which the second active layer
AL _2 of the second semiconductor chip 300 faces.

In an embodiment, the third chip pad 720 may be a pad
which 1s disposed on the third semiconductor substrate 710
and 1s electrically connected to a plurality of individual
devices formed 1n the third active layer AL_3.

In an embodiment, the third passivation layer 730 may be
on the third semiconductor substrate 710 and may surround
a side surface of the third chip pad 720. The third passivation
layer 730 may expose one surface of the third chip pad 720.

In an embodiment, the third active layer AL _3 of the third
semiconductor chip 700 may face the upper surface of the
semiconductor package 30, and the third semiconductor chip
700 may be connected to the package substrate 100 through
wire bonding.

The third adhesion layer 470 may be a layer that fixes the
third semiconductor chip 700 on the second semiconductor
chip 300. The third adhesion layer 470 may be interposed
between the second semiconductor chip 300 and the third
semiconductor chip 700.

In an embodiment, the third adhesion layer 470 may be a
tape-type material layer, a liquid-coated curing material
layer, or a combination thereof. The third adhesion layer 470
may include or may be formed of a thermal setting structure,
thermal plastic, a UV cure material, or a combination
thereof. The material of the third adhesion layer 470 may be
substantially the same as the material of the first adhesion
layer 430 and the second adhesion layer 450 described
above.

In an embodiment, a side surface of the third adhesion
layer 470 and a side surface of the third semiconductor chip
700 may be coplanar with each other. The side surface of the
third adhesion layver 470 may be aligned with (1.e., may be
coplanar to” the side surface of the third semiconductor chip
700.

In an embodiment, the third adhesion layer 470 and the
third semiconductor chip 700 may be manufactured at a
waler level. After the third adhesion layer 470 1s applied on
the water on which the plurality of third semiconductor
chups 700 are formed, the waler may be individualized, and
thus the side surface of the third adhesion layer 470 and the
side surface of the third semiconductor chips 700 may be
coplanar with each other.

In an embodiment, the first conductive wire wl may be a
wire ol a conductive material connecting the second chip
pad 320 of the second semiconductor chip 300 to the wire




US 11,581,290 B2

15

connection pad 140 of the package substrate 100. The
second conductive wire w2 may be a conductive wire
connecting the third chip pad 720 of the third semiconductor
chip 700 to the wire connection pad 140 of the package
substrate 100.

In an embodiment, the first conductive wire wl and the
second conductive wire w2 may include at least one material
among gold (Au), silver (Ag), platinum (Pt), aluminum (Al),
copper (Cu), palladium (Pd), nickel (IN1), cobalt (Co), chro-
mium (Cr) and titanium (11).

FIG. 4 1s a cross-sectional view ol a semiconductor
package 40 according to an embodiment of the imventive
concept.

Hereinatter, redundant descriptions of the semiconductor
package 30 of FIG. 3 will be omitted, and differences
therebetween will be mainly described.

The semiconductor package 40 according to an embodi-
ment of the inventive concept may include the package
substrate 100, the first semiconductor chip 200, the second
semiconductor chip 300, the third semiconductor chip 700,
the first adhesion layer 430, the second adhesion layer 450,
the third adhesion layer 470, the chip connection terminal
520, the first conductive wire w1, a second conductive wire
w2, the molding layer 620, the extemal connection terminal
690, and the like.

In an embodiment, at least a part of the first semiconduc-
tor chip 200 may be surrounded by an mnner wall formed by
the recessed region H1 of the package substrate 100. At least
a part of the first semiconductor chip 200 may be inserted
into the recessed region H1 of the package substrate 100. For
example, a level of the lower surface 2005 of the first
semiconductor chip 200 may be lower than a level of the first
surface 100a of the package substrate 100.

In an embodiment, the cross-sectional area of the recessed
region H1 of the package substrate 100 1n the horizontal
direction may be larger than the cross-sectional area of the
first semiconductor chip 200 1n the horizontal direction. A
part of the first adhesion layer 430 may be in the recessed
region H1 of the package substrate 100.

In an embodiment, a part of the first adhesion layer 430
may surround the side surface of the first semiconductor
chip 200 and the side surface of the second adhesion layer
450 1n the recessed region H1 of the package substrate 100.

In an embodiment, the side surface of the first semicon-
ductor chip 200 and the side surface of the second adhesion
layer 450 may be coplanar with each other. The side of the
first semiconductor chip 200 and the side of the second
adhesion layer 450 may be aligned with each other. The part
of the first adhesion layer 430 may be formed 1n the recessed
region H1 of the package substrate 100, and contact the side
of the first semiconductor chip 200 and the side of the
second adhesion layer 450.

At least a part of the first semiconductor chip 200 of the
semiconductor package 40 according to an embodiment of
the inventive concept may be accommodated 1n the recessed
region H1 of the package substrate 100. The recessed region
H1 may reduce the thickness of the semiconductor package
40 and secure suilicient adhesion between the first semicon-
ductor chup 200 and the package substrate 100.

The length (1.e., the height) of the first semiconductor chip
200 of the semiconductor package 40 according to an
embodiment of the inventive concept formed in the vertical
direction from the second surface 1005 of the package
substrate 100 may be reduced by the depth of the recessed
region H1 of the package substrate 100, and thus the
adhesion between the first semiconductor chup 200 and the
first adhesion layer 430 may be suflicient to secure structural
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reliability of the semiconductor package 40. For example,
adhesion may be improved on the part where the side surface
of the first semiconductor chip 200 and the first adhesion
layer 430 contact each other, and separation of the first
semiconductor chip 200 from the first adhesion layer 430
may be prevented.

FIG. 5 1s a cross-sectional view of a semiconductor
package 50 according to an embodiment of the mventive
concept.

Hereinatter, redundant descriptions of the semiconductor
package 40 of FIG. 4 will be omaitted, and differences
therebetween will be mainly described.

The semiconductor package 50 of FIG. 5 may include the
package substrate 100, the first semiconductor chip 200, the
second semiconductor chip 300, a third semiconductor chip
700, a fourth semiconductor chip 800, the first adhesion
layer 430, the second adhesion layer 450, the third adhesion
layer 470, a fourth adhesion layer 490, the chip connection
terminal 520, the first conductive wire wl, a second con-
ductive wire w2, a third conductive wire w3, the molding
layer 620, the external connection terminal 690, a heat
dissipating member 930, and the like.

In an embodiment, the fourth semiconductor chip 800
may be a semiconductor chip mounted on the third semi-
conductor chip 700. The fourth semiconductor chip 800 may
have an upper surface 800a and a lower surface 80056. The
fourth semiconductor chip 800 may be a memory semicon-
ductor chip or a logic semiconductor chip.

In an embodiment, the fourth semiconductor chip 800
may be mounted on the second semiconductor chip 300 such
that the side surface of the third semiconductor chip 700 and
the side surface of the fourth semiconductor chip 800 are not
coplanar with each other. Accordingly, the third chip pad 720
of the third semiconductor chip 700 may be exposed without
being covered by the fourth semiconductor chup 800.

In an embodiment, the fourth semiconductor chip 800
may include a fourth semiconductor substrate 810, a fourth
chip pad 820, and a fourth passivation layer 830. The fourth
semiconductor substrate 810 may include a fourth active
layer AL._4 which 1s adjacent to the upper surface 800a of
the fourth semiconductor chip 800.

In an embodiment, the fourth active layer AL_4 of the
fourth semiconductor chip 800 may face the upper surface of
the semiconductor package 50. For example, a direction in
which the fourth active layer AL_4 of the fourth semicon-
ductor chip 800 faces may be opposite to a direction 1n
which the first active layer AL_1 of the first semiconductor
chip 200 faces. A direction 1 which the fourth active layer
AL _4 of the fourth semiconductor chip 800 faces may be
substantially the same as a direction in which the second
active layer AL_2 of the second semiconductor chip 300
faces and a direction 1n which the third active layer AL_3 of
the third semiconductor chup 700 faces.

In an embodiment, the fourth chip pad 820 may be a pad
which 1s disposed on the fourth semiconductor substrate 810
and 1s electrically connected to a plurality of individual
devices formed 1n the fourth active layer AL_4.

In an embodiment, the fourth passivation layer 830 may
be on the fourth semiconductor substrate 810 and may
surround a side surface of the fourth chip pad 820. The
fourth passivation layer 830 may expose one surface of the
fourth chip pad 820.

In an embodiment, the fourth active layer AL_4 of the
fourth semiconductor chip 800 may face the upper surface of
the semiconductor package 50, and the fourth semiconduc-
tor chip 800 may be connected to the third semiconductor
chip 700 through wire bonding.
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The fourth adhesion layer 490 may be a layer that fixes the
fourth semiconductor chip 800 on the third semiconductor
chup 700. The fourth adhesion layer 490 may be interposed
between the third semiconductor chip 700 and the fourth
semiconductor chip 800.

In an embodiment, a side surface of the fourth adhesion
layer 490 and a side surtace of the fourth semiconductor chip
800 may be coplanar with each other. The side surface of the
tourth adhesion layer 490 may be aligned with (1.e., may be
coplanar to) the side surface of the fourth semiconductor
chip 800.

In an embodiment, each of the semiconductor packages
10 to 50 described with reference to FIGS. 1 to 5 includes
2 to 4 semiconductor chips, but each of the semiconductor
packages 10 to 50 may include 5 or more semiconductor
chips. The semiconductor chips included in the semicon-
ductor packages 10 to 50 may be stacked in the vertical
direction and may be electrically connected to a package
substrate through flip chip bonding or wire bonding.

The third conductive wire w3 may be a wire of a con-
ductive material connecting the fourth chip pad 820 of the
fourth semiconductor chip 800 to the third chip pad 720 of
the third semiconductor chip 700. The fourth semiconductor
chip 800 may be connected to the third semiconductor chip
700 through the third conductive wire w3.

The heat dissipating member 930 may be a member
attached on the molding layer 620 and dissipating heat
generated from the first to fourth semiconductor chips 200,
300, 700, and 800 to the outside. In an embodiment, the heat
dissipating member 930 may be a heat slug or a heat sink.
For example, the heat slug or the heat sink may have a
concave-convex structure shape (e.g., a corrugated shape) 1n
which concaveness and convexity are repeated to increase
their surface areas.

In an embodiment, the heat dissipating member 930 may
include at least one material of a metal material, a ceramic
material, a carbon material, and a polymer material having,
excellent thermal conductivity. For example, the heat dissi-
pating member 930 may 1nclude at least one metallic mate-
rial among copper (Cu), aluminum (Al), magnesium (Mg),
nickel (N1), and silver (Ag), but 1s limited thereto.

In an embodiment, a thermal interface material (T1M) 935
may be 1n a lower portion of the heat dissipating member
930. For example, the TIM 935 may be interposed between
the lower surface of the heat dissipating member 90 and the
upper surface of the first molding layer 620.

Hereinafter, a method S100 of manufacturing a semicon-
ductor package according to an embodiment of the inventive
concept will be described with reference to FIGS. 6 to 13.
The method S100 of manufacturing the semiconductor pack-
age may be a method of manufacturing the semiconductor
package 10 described with reference to FIG. 1.

FIG. 6 1s a flowchart showing the method S100 of
manufacturing the semiconductor package 10 according to
an embodiment of the inventive concept, and FIGS. 7 to 13
are diagrams showing operations of the method S100 of
manufacturing the semiconductor package 10.

Referring to FIG. 6, the method S100 of manufacturing,
the semiconductor package 10 may include operation S1100
of forming the recessed region H1 in the package substrate
100, operation S1200 of mounting the first semiconductor
chip 200 on the package substrate 100, operation S1300 of
mounting the second semiconductor chip 300 on the first
semiconductor chip 200, operation S1400 of forming the
first conductive wire w1, operation S1500 of forming the
molding layer 620, and operation S1600 of forming the
external connection terminal 690.
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Referring to FIGS. 6 and 7 together, the method S100 of
manufacturing the semiconductor package 10 according to
an embodiment of the inventive concept may include opera-
tion S1100 of forming the recessed region H1 1n the package
substrate 100.

Betfore performing operation S1100, an operation of
attaching the support substrate 1010 to the second surface
10056 of the package substrate 100 may be performed. The
support substrate 1010 may be a substrate having stability
with respect to a photolithography process, an etching
process, a baking process, efc.

In an embodiment, when the support substrate 1010 1s to
be separated and removed by laser ablation, the support
substrate 1010 may include a translucent substrate. When
the support substrate 1010 1s to be separated and removed by
heating, the support substrate 1010 may include a heat-
resistant substrate.

In an embodiment, the support substrate 1010 may be a
glass substrate, but 1s not limited thereto. The support
substrate 1010 may include a heat-resistant organic polymer
material such as polyimide (PI), polyetheretherketone
(PEEK), polyethersulione (PES), polyphenylene sulfide
(PPS), etc., but 1s not limited thereto.

Operation S1100 may include operations of forming the
recessed region H1 in the package substrate 100 to expose
the second redistribution via pattern 1156 and forming the
chip connection pad 130 on the second redistribution via
pattern 115b5.

In an embodiment, the recessed region H1 of the package
substrate 100 may be formed through an etching process or
a laser drilling process. However, the recessed region H1 1s
not limited thereto, and may be formed in the package
substrate 100 through various methods.

In an embodiment, the recessed region H1 of the package
substrate 100 may have a depth from 1 micrometer to 20
micrometers. The cross-sectional area of the recessed region
H1 of the package substrate 100 in the horizontal direction
may be larger than the cross-sectional area of the first
semiconductor chip 200 positioned on the recessed region
H1 1in the horizontal direction.

In an embodiment, the chip connection pad 130 may be
connected to the second redistribution via pattern 1155
exposed by the recessed region H1 of the package substrate
100. The chip connection pad 130 may be in the recessed
region H1 of the package substrate 100 such that a level of
the upper surface of the chip connection pad 130 may be
lower than a level of the upper surface of the wire connec-
tion pad 140.

Referring to FIGS. 6 and 8 together, the method S100 of
manufacturing the semiconductor package 10 according to
an embodiment of the inventive concept may include opera-
tion S1200 of mounting the first semiconductor chip 200 on
the package substrate 100.

Operation S1200 may be an operation of mounting the
first semiconductor chip 200 on the package substrate 100
through flip-chip bonding.

In an embodiment, the chip connection terminal 520 may
be attached to the lower surface 20056 of the first semicon-
ductor chip 200. For example, the chip connection terminal
520 may be attached to one surface of the first chip pad 220
of the first semiconductor chip 200.

In an embodiment, the second adhesion layer 450 may be
attached to the lower surface 20056 of the first semiconductor
chup 200, and the second adhesion layer 450 may surround
the chip connection terminal 520.

In operation S1200, while the first semiconductor chip
200 1s tlip-chip bonded to the package substrate 100, the
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chip connection terminal 520 may connect the first chip pad
220 and the chip connection pad 130.

In an embodiment, the second adhesion layer 450 and the
first semiconductor chip 200 may be manufactured at a
waler level. After the second adhesion layer 450 1s applied
on the water on which the plurality of first semiconductor
chips 200 are formed, the waler may be individualized, and
thus the side surface of the second adhesion layer 450 and
the side surface of the first semiconductor chip 200 may be
coplanar with each other.

However, the inventive concept 1s not limited to the
above, and as described with reference to FIG. 2, after the
first semiconductor chip 200 and the package substrate 100
are connected with each other by the chip connection
terminal 520, the second molding layer 650 (of FIG. 2) may
be injected into the recessed region H1 of the package
substrate 100. The second molding layer 650 may be
injected into a space between the package substrate 100 and
the first semiconductor chip 200.

In an embodiment, while the second molding layer 650
(of FIG. 2) 1s mnjected into the recessed region HI, the
second molding layer 650 (of FIG. 2) may surround the chip
connection terminal 520. When the second molding layer
650 (of FIG. 2) 1s continuously injected into the recessed
region H1, the second molding layer 650 (of FIG. 2) may be
positioned beyond the space of the recessed region H1, and
may surround a part of the side surface of the first semi-
conductor chip 200.

Referring to FIGS. 6,9, and 10 together, the method S100
of manufacturing the semiconductor package 10 according
to an embodiment of the inventive concept may include
operation S1300 of mounting the second semiconductor
chip 300 on the first semiconductor chip 200.

Referring to FIG. 9, the first adhesion layer 430 and the
second semiconductor chip 300 may be manufactured at the
waler level. After the first adhesion layer 430 1s applied on
a water W on which the plurality of second semiconductor
chips 300 are formed, the water W may be individualized,
and thus the side surface of the first adhesion layer 430 and
the side surface of the second semiconductor chip 300 may
be coplanar with each other.

Referring to FIG. 10, the first adhesion layer 430 may be
attached to the lower surface 3005 of the second semicon-
ductor chip 300. In an embodiment, the thickness of the first
adhesion layer 430 attached to the second semiconductor
chip 300 may be greater than the thickness of the first
semiconductor chip 200. The thickness of the first adhesion
layer 430 may have a value from about 90 micrometers to
about 135 micrometers. For example, the thickness of the
first adhesion layer 430 may be 110 micrometers.

In operation S1300, while the second semiconductor chip
300 1s pressed onto the first surface 100a of the package
substrate 100, the first adhesion layer 430 may surround the
side and upper surfaces of the first semiconductor chip 200.

In an embodiment, the first adhesion layer 430 may
surround at least a part of the side surface of the first
semiconductor chip 200 and the side surface of the second
adhesion layer 450.

Referring to FIGS. 6 and 11, the method S100 of manu-
facturing the semiconductor package 10 according to the
embodiment of the inventive concept may include operation
S1400 of forming the first conductive wire wl.

Operation S1400 may be an operation of connecting the
second semiconductor chip 300 and the package substrate
100 with each other through wire bonding. In an embodi-
ment, the first conductive wire wl may connect the second
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chip pad 320 of the second semiconductor chip 300 and the
wire connection pad 140 of the package substrate 100.
Referring to FIGS. 6 and 12, the method S100 of manu-

facturing the semiconductor package 10 according to an
embodiment of the inventive concept may include operation
S1500 of forming the molding layer 620.

In operation S1500, the molding layer 620 may be formed
on the package substrate 100, and may surround the second
semiconductor chip 300, the first adhesion layer 430, and the
first conductive wire wl. The molding layer 620 may be a
material including at least one of an insulating polymer and

an epoxy resin. For example, the molding layer 60 may

include an EMC.
Referring to FIGS. 6 and 13 together, the method S100 of

manufacturing the semiconductor package 10 according to
the embodiment of the imnventive concept may include opera-
tion S1600 of forming the external connection terminal 690.

Betore performing operation S1600, the support substrate
1010 attached to the package substrate 100 may be removed.
In an embodiment, the support substrate 1010 may be
separated by laser ablation or by heating.

Operation S1600 may be an operation of attaching the
external connection terminal 690 to the external connection
pad 150. In an embodiment, operation S1900 may be an
operation of attaching a solder ball made of a metal material
to the external connection pad 150. For example, the exter-
nal connection terminal 690 may be melted through a reflow
process and attached to the external connection pad 150.

While the mventive concept has been particularly shown
and described with reference to embodiments thereot, 1t will
be understood that various changes in form and details may
be made therein without departing from the spirit and scope
of the following claims.

What 1s claimed 1s:
1. A semiconductor package comprising:
a package substrate comprising:
an 1nsulating layer having an upper surface and a lower
surface opposite to the upper surface and provided
with a recessed first region which 1s recessed to a first
depth from the upper surface toward the lower
surface, wherein a bottom surface of the recessed
first region 1s between the upper surface of the
insulating layer and the lower surface of the insulat-
ing layer,

a redistribution wiring buried 1n the insulating layer,

a chip connection pad on a bottom surface of the
recessed first region and connected to the redistribu-
tion wiring, and

a wire connection pad on the upper surface of the
insulating layer and connected to the redistribution
wiring;

a first semiconductor chip disposed on the bottom surface
of the recessed first region of the msulating layer and
comprising a first chip pad connected to the chip
connection pad of the package substrate, wherein the
first semiconductor chip has a first thickness greater the
first depth;

a second semiconductor chip on the first semiconductor
chip and connected to the wire connection pad of the
package substrate through a conductive wire;

a first adhesion layer on the upper surface of the isulating
layer and covering side surfaces of the first semicon-
ductor chip;

a chip connection terminal nterposed between the chip
connection pad and the first chip pad; and
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a second adhesion layer in the recessed first region of the
insulating layer and surrounding the chip connection
terminal.

2. The semiconductor package of claim 1,

wherein a side surface of the first semiconductor chip and
a side surface of the second adhesion layer are coplanar
with each other.

3. The semiconductor package of claim 1, further com-

prising:

a chip connection terminal interposed between the chip
connection pad and the first chip pad; and
a molding layer filled 1n the recessed first region of the
insulating layer,
wherein the molding layer includes a first portion between
a lower surface of the first semiconductor chip and the
bottom surface of the recessed first region of the
isulating layer, and a second portion on the upper
surface of the msulating layer and a side surface of the
first semiconductor chip, and
wherein the second portion of the molding layer has an
increasing cross-sectional area 1 a vertical direction
from the first semiconductor chip toward the msulating
layer.
4. The semiconductor package of claim 1,
wherein a thickness of the first adhesion layer i1s greater
than a thickness of the first semiconductor chip, and
wherein when the semiconductor package 1s viewed 1n a
top down view, the second semiconductor chip 1is
greater than the first semiconductor chip in area.
5. The semiconductor package of claim 4,
wherein a side surface of the first adhesion layer and a
side surface of the second semiconductor chip are
coplanar with each other.
6. The semiconductor package of claim 1,
wherein a thickness of the first adhesion layer has a value
from about 90 micrometers to about 135 micrometers.
7. The semiconductor package of claim 1,
wherein a lower surface of the first semiconductor chip 1s
higher than the upper surface of the insulating layer.
8. The semiconductor package of claim 1,
wherein at least a part of the first semiconductor chip 1s
inserted 1n the recessed first region of the insulating
layer so that a lower surface of the first semiconductor
chip 1s lower than the upper surface of the nsulating
layer.
9. A semiconductor package comprising:
a package substrate comprising:
an 1mnsulating layer having an upper surface and a lower
surface opposite to the upper surface, and provided
with a recessed first region which 1s recessed to a first
depth from the upper surface of the insulating layer
toward the lower surface of the msulating layer,

a redistribution wiring buried 1n the insulating layer,

a chip connection pad on a bottom surface of the
recessed first region and connected to the redistribu-
tion wiring, and

a wire connection pad on the upper surface of the
insulating layer and connected to the redistribution
wiring;

a first semiconductor chip overlapping, in a top-down
view ol the semiconductor package, the recessed first
region of the isulating layer, wherein the first semi-
conductor chip includes a first semiconductor substrate
which has a lower surface and an upper surface oppo-
site to each other, the lower surtace of the first semi-
conductor substrate being closer to the bottom surface
of the recessed first region of the package substrate than
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the upper surface of the first semiconductor substrate,

and a first chip pad which 1s disposed on the lower

surface of the first semiconductor substrate and 1is

connected to a first active layer which corresponds to a

portion of the first semiconductor substrate, the portion

of the first semiconductor substrate being adjacent to
the lower surface of the first semiconductor substrate:

a chip connection terminal in the recessed first region of
the msulating layer and interposed between the chip
connection pad of the package substrate and the first
chip pad of the first semiconductor chip;

a first adhesion layer on the package substrate and cov-
ering a side surface and an upper surface of the first
semiconductor chip;

a second semiconductor chip on the first adhesion layer,
wherein the second semiconductor chip includes:

a second semiconductor substrate having a lower sur-
face and an upper surface opposite to each other, the
lower surtace of the second semiconductor substrate
being closer to the upper surface of the first semi-
conductor substrate and being coplanar with an
upper surface of the first adhesion layer, and

a second chip pad disposed on the upper surface of the
second semiconductor substrate and connected to a
second active layer which corresponds a portion of

the second semiconductor substrate, the portion of

the second semiconductor substrate being adjacent to
the upper surface of the second semiconductor sub-
strate;

a conductive wire connecting the wire connection pad of
the package substrate to the second chip pad of the
second semiconductor chip; and

a first molding layer on the package substrate and sur-
rounding the first adhesion layer and the second semi-
conductor chip,

wherein when the semiconductor package 1s viewed 1n a
top down wview, the second semiconductor chip 1s
greater than the first semiconductor chip 1n area, and

wherein a side surface of the second semiconductor chip
and a side surface of the first adhesion layer are
coplanar with each other.

10. The semiconductor package of claim 9, further com-

prising;:

a second adhesion layer in the recessed first region of the
insulating layer and surrounding the chip connection
terminal,

wherein a side surface of the first semiconductor chip and
a side surface of the second adhesion layer are coplanar
with each other.

11. The semiconductor package of claim 9, further com-

prising

a second molding layer filled 1n the recessed first region
of the msulating layer,

wherein the second molding layer includes a first portion
between a lower surface of the first semiconductor chip
and the bottom surtace of the recessed first region of the
insulating layer, and a second portion which contacts
the upper surface of the insulating layer and a side
surface of the first semiconductor chip, and

wherein the second portion of the second molding layer
has an increasing cross-sectional area 1 a vertical
direction approaching the upper surface of the insulat-
ing layer.

12. The semiconductor package of claim 9,

wherein a thickness of the first adhesion layer 1s greater
than a thickness of the first semiconductor chip.
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13. The semiconductor package of claim 9,

wherein the first depth of the recessed first region of the
package substrate has a value between about 1 microm-
cter to about 20 micrometers.

14. A semiconductor package comprising:

a package substrate comprising;

an insulating layer having an upper surface and a lower
surface opposite to the upper surface and provided with
a first region which 1s recessed to a first depth from the
upper surface toward the lower surface,

a redistribution wiring buried 1n the insulating layer,

a chip connection pad on a bottom surface of the recessed
first region and connected to the redistribution wiring,
and

a wire connection pad on the upper surface and connected
to the redistribution wiring;

a first semiconductor chip overlapping, in a top-down

view ol the semiconductor package, the recessed first
region of the isulating layer, wherein the first semi-
conductor chip 1s provided with a first active layer 1n a
lower portion of the first semiconductor chip, and 1s
flip-chip bonded to the chip connection pad of the
package substrate;

a first adhesion layer on the package substrate and cov-
ering a side surface and an upper surface of the first
semiconductor chip;

a second semiconductor chip on the first adhesion layer,

wherein the second semiconductor chip 1s provided with
a second active layer 1n an upper portion of the second
semiconductor chip, and 1s wire-bonded to the wire
connection pad of the package substrate, and

wherein a lower surface of the second semiconductor chip
1s coplanar with an upper surface of the first adhesion
layer;

a third semiconductor chip on the second semiconductor
chip, wherein the third semiconductor chip 1s provided
with a third active layer 1n an upper portion of the third
semiconductor chip, and 1s wire-bonded to the wire
connection pad of the package substrate;

a lirst molding layer on the package substrate, and sur-
rounding the first adhesion layer, the second semicon-
ductor chip, and the third semiconductor chip;
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a chip connection terminal interposed between the chip
connection pad of the package substrate and the first
semiconductor chip; and

a second adhesion layer surrounding the chip connection
terminal in the recessed first region of the package
substrate,

wherein a side surface of the first semiconductor chip and
a side surface of the second adhesion layer are coplanar
with each other, and

wherein a part of the side surface of the second adhesion
layer 1s surrounded by the first adhesion layer.

15. The semiconductor package of claim 14,

wherein the first depth of the recessed first region of the
package substrate has a value from about 1 micrometer
to about 20 micrometers, and

wherein a thickness of the first adhesion layer has a value

from about 90 micrometers to about 135 micrometers.
16. The semiconductor package of claim 14, further

comprising;

a chip connection terminal interposed between the chip
connection pad of the package substrate and the first
semiconductor chip; and

a second molding layer filling the recessed first region of
the package substrate,

wherein the second molding layer includes a first portion
surrounding the chip connection terminal, and a second
portion which contacts the upper surface of the 1nsu-
lating layer and a side surface of the first semiconductor
chip, wherein the second portion of the second molding
layer has an increasing cross-sectional area 1n a vertical
direction approaching the upper surface of the insulat-
ing layer,

wherein the second portion of the second molding layer 1s
covered by the first adhesion layer, and

wherein a boundary surface between the first adhesion

layer and the second portion of the second molding

layer 1s inclined downward from a side surface of the
first semiconductor chip to the upper surface of the
insulating layer.
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